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(54) INSULATED GATE CONTROL SEMICONDUCTOR DEVICE AND ITS 
MANUFACTURE 

(57) Abstract: 

PURPOSE: To improve the with stand voltage and 
decrease the ON voltage of an insulated gate control 
semiconductor such as a field effect transistor provided 
with a buried type insulated gate and an insulated gate 
bipolar transistor. 

CONSTITUTION: From a specified region of the surface 
of an N-type semiconductor 12 on the surface side of a 
semiconductor substrate 10, a P-type well 20 is formed in 
the manner in which a deep diffusion part 21 is formed in 
the peripheral part and a shallow diffusion part 22 is 
formed in a part of the inside. A trench 30 is dug from the 
surface in the vicinity of the shallow diffusion part 22 of 
the well 20 so as to reach the semiconductor region 12 of 
the lower side, and an insulating gate is buried in the 
trench. An N-type source layer 50 is shallowly diffused in 
the surface of the well 20 which is in contact with the 
trench 30. One main terminal S is led out from the well 20 
and the source layer 50. The other main terminal D is led 

out from the back side of the substrate 10. A control terminal G is led out from the insulated 
gate 40. Hence an insulated gate control semiconductor device is obtained. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1 ] A well of electric conduction type of another side diffused so that an edge part might 
form a diffusion portion deeper than an inner part from a prescribed range of the surface of a 
semiconductor region of one electric conduction type by the side of the surface of a 
semiconductor base substance, A slot dug deep until it arrived at a lower semiconductor region 
from the surface of a well inside a deep diffusion portion, An insulated-gate controlled 
semiconductor device which is provided with a conducted-current type source layer and with 
which while it was spread in contact with a slot from the insulated gate embedded at Mizouchi 
and the surface of a well derives [ one main terminal ] the insulated gate to a control terminal for 
a main terminal of the rear- face side of a semiconductor base substance to another side from a 
well and a source layer, respectively. 

[Claim 2] A well of electric conduction type of another side diffused so that a part might form a 
shallow diffusion portion from a prescribed range of the surface of a semiconductor region of 

one electric conduction type by the side of the surface of a semiconductor base substance, A slot 
dug deep until it arrived at a lower semiconductor region from the surface near a shallow 
diffusion portion of a well, In contact with a slot, while was spread from the insulated gate 
embedded at Mizouchi, and the surface of a well, and it has a conducted-current type source 
layer. An insulated-gate controlled semiconductor device which derives [ one main terminal ] the 
insulated gate to a control terminal for a main terminal of the rear-face side of a semiconductor 
base substance to another side from a well and a source layer, respectively. 
[Claim 3]a process characterized by comprising the following of forming a well, and a well ~ 
with a process dug deep until it arrives at a lower semiconductor region in a slot from the surface 
near an inner shallow diffusion portion. A process of diffusing a source layer of one electric 
conduction type shallowly is included in a process of embedding the insulated gate at this 
Mizouchi, and a portion which touches a slot of the surface of a well. And one [ a well and a 
source layer to ] main terminal, A main terminal of the rear-face side of a semiconductor base 
substance to another side, A manufacturing method of an insulated-gate controlled 
semiconductor device deriving a control terminal from the insulated gate, respectively 



A process of diffusing a deep diffusion portion of a well with conducted type of another side of 

current from an edge part of a prescribed range of the surface of a semiconductor region of one 

electric conduction type by the side of the surface of a semiconductor base substance. 

this well ~ a process of carrying out the ion implantation of the impurity of electric conduction 

type of another side to the surface of a range with a low dose for a shallow diffusion portion of a 

well. 

a well ~ a process of carrying out the ion implantation of the impurity of electric conduction type 
of another side to some surfaces inside an edge part of a range. 

A diffusion portion shallow to the inside of a diffusion portion with a deep edge part made to 
carry out thermal diffusion of these impurities that carried out the ion implantation. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to insulated-gate controlled semiconductor devices, 
such as a field effect transistor of embedding gate structure, and an insulated gate bipolar 
transistor, and the manufacturing method of those. 
[0002] 

[Description of the Prior Art]The above-mentioned insulated-gate controlled semiconductor 
device can control the tuming on and off by the insulated gate of high input impedance. And 
there is an advantage which a field effect transistor is suitable for high frequency, and especially 
an insulated gate bipolar transistor fits for high currents, respectively, It is widely used as an 
individual semiconductor device, and also these days, the case where it is used in the form 
included in the chip of the integrated circuit device with the related circuit has increased. 
[0003]In this insulated-gate controlled semiconductor device, when including in an integrated 
circuit device, it is advantageous to consider it as the structure which, of course, repeats a 
detailed unit cell pattern superficially using integrated circuit art also in the case of a discrete 
device to improve a high frequency characteristic and make current capacity increase, but. Since 
the improved efficiency by this minute-pattem-izing is also approaching a limit these days, the 
flush-type insulated gate structure which stores a gate and attains minuteness making in the slot 
dug deep in the shape of a trench in the semiconductor has come to be adopted. Hereafter, with 
reference to drawing 6 . the structure of the conventional insulated-gate controlled semiconductor 
device of this embedding gate structure is explained. 

[0004]The insulated-gate controlled semiconductor device shown in drawing 6 is a field effect 
transistor of end- fire array, and the enlarged section of the end including the two flush-type 
insulated gates is shown in the figure. The semiconductor base substance 10 which is the wafer 
thru/or chip for semiconductor devices grows up into a thickness of tens of micrometers the 
epitaxial layer of n form of specific resistance comparatively high as the semiconductor region 
12 which should make the fine structure on the semiconductor substrate 1 1 of n form, The well 
20 of p form is first diffused from the surface of the semiconductor region 12 within the limits 
surrounded by the wrap field oxide 13 in the surface on the right-hand side of a figure. From the 
key point of the surface of this well 20, the trench-like slot 30 is dug deep so that it may eat into 
the lower semiconductor region 12, as shown in a figure, The insulated gate 40 which consists of 
the gate oxide 41 and the gate 42 of poly crystalline silicon is embedded into it, It is spread very 
shallowly in high impurity concentration so that the contact layer 23 of p form for the wells 20 



may be diffused in high impurity concentration between the slots 30, these contact layers 23 and 
parts may overlap the source layer 50 of n form and the slot 30 may be touched. 
[0005 ]It is referred to as source terminal S which allocates the metaled electrode layer 61 and 
connects the contact layer 23 of the well 20 of p form, and the source layer 50 of n form with the 
surface side of the semiconductor base substance 10 too hastily on the surface. The electrode 
layer 62 which touches the semiconductor substrate 1 1 of n form is allocated in the rear-face 
side, and it is referred to as drain terminal D, and the control terminal G is derived from parts 
other than the section of a graphic display of the insulated gate 40. In the field effect transistor of 
this structure, if source terminal S twist positive regulation voltage is received in the control 
terminal G, One [ the channel of n form is formed in the portion pinched in the source layer 50 of 
n form of the well 20 of p form which touches the gate oxide 41 of the side of the slot 30, and the 
semiconductor region 12 of n form, and / between source terminal S and drain terminal D ]. 
Thus, since can shorten the mutual interval of the insulated gate 40, and minuteness making of 
the structure can be carried out, and the perimeter of the side of the slot 30 is covered and a 
channel is formed by embedding the insulated gate 40 in the slot 30, and making a channel form 
in a lengthwise direction, current capacity can also be made to increase. 
[0006] Since a depletion layer mainly spreads in the semiconductor region 12 of the slot 30 
bottom at the time of OFF, set up pressure-proofing of this field effect transistor with the 
thickness given to the semiconductor region 12, but. Since it is easy to produce a dielectric 
breakdown along the surface of the field oxide 13 bottom of the semiconductor region 12 near 
the periphery of the well 20, Simultaneously with allocation of the electrode layer 61, what is 
called the metaled field plate 63 is formed so that near the periphery of the well 20 may be 
covered on the field oxide 13, the same potential as the well 20 is apphed to this, and a dielectric 
breakdown is prevented. Although drawing 6 is the structure of a field effect transistor, if it uses 
the semiconductor substrate 1 1 as p form and the buffer layer of n form is inserted between the 
semiconductor regions 12, while it has been the structure as a figure where the upper part is the 
more nearly same than the semiconductor region 12, it can be used as an insulated gate bipolar 
transistor. 
[0007] 

[Problem(s) to be Solved by the Invention] Although structure of an insulated-gate controlled 

semiconductor device can be minute-pattem-ized, and the high frequency characteristic can be 
improved or the current capacity can be made to increase by making the insulated gate into a 
flush type as mentioned above. There is an opposite effect which becomes disadvantageous 
rather in respect of pressure-proofing since it becomes easy to generate avalanche destruction in 
the semiconductor region of the slot bottom for the insulated gates in an OFF state. Since the 
breadth of the channel of the current which flows in a semiconductor region from the channel 
formed in the side of a slot also by an ON state is not so good, there is a problem on which 
forward voltage thru/or ON state voltage rise easily. It is drawing 7 (a) about the cause of the 
foUowings and these problems. Drawing 7 (b) It is referred to, respectively and explains. 
[0008] Dravving 7 (a) It is an expanded sectional view of the important section of the insulated- 
gate controlled semiconductor device of an OFF state, and signs that a depletion layer spreads in 
the latter from the pn junction between the well 20 of p form and the semiconductor region 12 of 
n form are shown to the figure by equipotential surface EP. When the line c along the line b and 
Si surface in a park of the line of slot 30 directly under and the line d near the curvature part of 
junction compare the interval of this equipotential surface EP, as shown in a figure. The interval 
of equipotential surface EP is the narrowest in the direction of the line a of the length of the slot 



30 bottom where the insulated gate 40 was embedded, and field intensity is dramatically strong 
in the part [ directly under ] of the slot 30 of the semiconductor region 12, and it is easy to 
generate avalanche destruction. The interval of equipotential surface EP of the direction of line c 
beside the surface part which touches the field oxide 13 of the semiconductor region 12 can be 
extended with the above-mentioned field plate 63, and field intensity is eased. Thus, the weak 
point part which avalanche destruction tends to generate is a directly under part of the slot 30 of 
the semiconductor region 12, the resisting pressure fall by this weak point should be eased a 
little, if the slot 30 reduces the depth which projects fi*om the bottom of the well 20, but. actual ~ 
the slot 30 ~ from the bottom ~ only ~ also coming out ~ if it projects ~ rapid ~ element 
pressure-proofing ~ about ~ it was checked that a decrease amount becomes still larger as the 
fall of 150V was seen and the depth of the posterior canal 30 was increased. 
[0009] Drawing 7 (b) It is an expanded sectional view of the same important section as the top in 
an ON state, and channel CP of the electron current which flows in the semiconductor region 12 
from the channel Ch formed in the side of the slot 30 is shown in the figure. When current fiows 
into the semiconductor region 12 from the channel Ch of a lengthwise direction. It is known that 
the depletion region DZ where an electric charge hardly exists by what is called a J-FET effect 
will spread along the pn junction surface between the well 20 and the semiconductor region 12 
from a flowing point of current like a graphic display. Thereby, with the figure in the 
semiconductor region 12 of current channel CP, since the spreading angle shown by theta is 
restricted, the current density in this narrow angle theta becomes high, and is considered that the 
ON state voltage which is a voltage drop in this channel CP increases. Even if it reduced the 
depth in which there is a limit also in this means although there is room which can improve the 
increase in ON state voltage by shortening the mutual interval of the slot 30, and the slot 30 
projects from the bottom of the well 20 according to the result of the experiment, it tumed out 
that a big improvement effect cannot be expected. 

[0010]So to speak, it is an opposite effect, and when [ which occurs when each of falls of the 
above pressure-proofing and increases in ON state voltage aims at improvement in a high 
frequency characteristic, and the increase in current capacity by adoption of the flush-type 
insulated gate ] improving the performance of an insulated-gate controlled semiconductor device 
further from the former, the actual condition had become the greatest narrow path. In view of this 
actual condition, an object of this invention is to decrease respectively the grade which the grade 
or ON state voltage to which pressure -proofing of an insulated-gate controlled semiconductor 
device falls also when the insulated gate of a flush type is adopted increases as much as possible. 
[0011] 

[Means for Solving the Problem] The purpose of preventing the resisting pressure fall according 
to the insulated-gate controlled semiconductor device of this invention, A well of electric 
conduction type of another side diffused so that an edge part might form a diffusion portion 
deeper than an inner part from a prescribed range of the surface of a semiconductor region of one 
electric conduction type by the side of the surface of a semiconductor base substance. In contact 
with a slot, while was spread from a slot dug deep until it arrived at a lower semiconductor 
region from the surface of a well inside this deep diffusion portion, the insulated gate embedded 
at Mizouchi, and the surface of a well, and after providing a conducted-current type source layer. 
One [ a well and a source layer to ] main terminal is attained by deriving a control terminal from 
the insulated gate, respectively in a main terminal of another side from the rear-face side of a 
semiconductor base substance. A deep diffusion portion of a well is better than diffusing depth of 
other portions to make it spread deeply not less than at least 50%. The depth in which a slot 



projects caudad from the bottom of a well is more desirable than 3 micrometers or less of little [ 
as much as possible ] It is advantageous when using 0.5-2 micrometers raises pressure- 
proofing. 

[00 12] According to the insulated-gate controlled semiconductor device of this invention, the 
purpose of preventing an increase in the above-mentioned ON state voltage. A well of electric 
conduction type of another side diffused so that a part might form a shallow diffusion portion 
from a prescribed range of the surface of a semiconductor region of one electric conduction type, 
In contact with a slot, while was spread from a slot dug deep until it arrived at a lower 
semiconductor region from the surface of a well near a shallow diffusion portion, the insulated 
gate embedded at Mizouchi, and the surface of a well, and after providing a conducted-current 
type source layer, One [ a well and a source layer to ] main terminal is similarly attained by 
deriving a control terminal from the insulated gate, respectively in a main terminal of another 
side from the rear-face side of a semiconductor base substance. Diffusing depth of a portion into 
which a shallow diffusion portion of a well digs a slot deep It is good to make 0.5 micrometers or 
more shallowly for it to be desirable and shallow 1 micrometers or more. The depth in which a 
slot projects caudad from the bottom of a well also in this case is advantageous when using little 

suppresses an increase in ON state voltage. 
[0013]Composition which uses an edge part of the above-mentioned well as a deep diffusion 
portion, and composition which uses a part of well as a shallow diffusion portion. By combining 
mutually and carrying out, the purpose of preventing a pressure-proof fall and an increase in ON 
state voltage can be attained simultaneously, and especially any composition is suitable for an 
insulated-gate controlled semiconductor device of end-fire array structure. In order to derive one 
main terminal from a well, it is good to make a contact layer diffused as usual in the same 
conducted-current type high impurity concentration as a surface portion of a well of this 
derivation part. 

[0014]In a manufacturing method of an insulated-gate controlled semiconductor device by this 
invention using a well provided with an above-mentioned deep diffusion portion and a shallow 
diffusion portion. A deep diffusion portion is first diffused with conducted type of another side 
of current to an edge part of a range which should make a well of the surface of a semiconductor 
region of one electric conduction type, While carrying out the ion implantation of the impurity of 
electric conduction type of another side with a low dose for a diffusion portion shallow on the 
surface of a range for wells. A well which carries out thermal diffusion of these impurities, and is 
provided with a shallow diffusion portion inside a deep diffusion portion of an edge part after 
carrying out the ion implantation of the impurity of electric conduction type of another side to 
some surfaces inside the edge part is formed. Next, it digs deep until it arrives at a lower 
semiconductor region in a slot from the surface near a shallow diffusion portion of a well, and 
the insulated gate is embedded into it, and a source layer of one electric conduction type is 
shallowly diffused into a portion which touches a slot of the surface of a well further. When 
providing the above-mentioned contact layer in a surface part of a well, it is advantageous on a 
process to carry out thermal diffusion of the impurity of electric conduction type of the another 
side simultaneously with an impurity of one electric conduction type of a source layer. 
[0015] 

[Function]In this invention, unevenness is provided in the bottom of a well, or a pn junction 
surface with a semiconductor region. 

Therefore, the point which can control the potential distribution at the time of the OFF in a 
semiconductor region and the current distribution at the time of one is noted. When the insulated 



gate is made into a flush type, it succeeds in solution of the problem from the former which the 
opposite effect which pressure-proofing of an insulated-gate controlled semiconductor device 
falls as mentioned above, or ON state voltage increases generates. 

[0016]Namely, by forming in the edge part of a well the deep diffusion portion said to the 
composition of the preceding clause, So to speak, the equipotential surface in the semiconductor 
region of the insulated-gate bottom is caudad depressed from the circumference, it can be made 
easy to spread in a depletion layer at the time of OFF, this eases the field intensity in the 
semiconductor region directly under the insulated gate, and pressure-proofing of an insulated- 
gate controlled semiconductor device is raised conventionally. By forming the shallow diffusion 
portion said to the composition of the preceding clause, and establishing the slot for the insulated 
gates in the portion of the well of the neighborhood, the bottom of the well corresponding to a 
shallow diffusion portion for the depletion region generated by the above-mentioned J-FET 
effect from the channel of the side of a slot along with the current which flows into a 
semiconductor region at the time of one — it being able to dedicate mostly into a hollow so to 
speak, and. This expands the spreading angle of the current channel in a semiconductor region 
conventionally, the current density in a channel is reduced, and the ON state voltage of the 
insulated-gate controlled semiconductor device which is the voltage drop is decreased. 
[0017]The manufacturing method of the insulated-gate controlled semiconductor device of this 
invention is a thing suitable for a make lump of the well possessing an above-mentioned deep 
diffusion portion and shallow diffusion portion. After diffusing first a diffusion portion deep to 
the edge part of the range which should make a well in a prescribed depth, the shallow impurity 
for diffusion portions on the surface of this range with a low dose. After carrying out the ion 
implantation of the impurity with a predetermined dose to a part of surface inside an edge part, 
respectively, by carrying out thermal diffusion of them, the deep diffusion portion of a well, a 
shallow diffusion portion, and the portion for the insulated gates are correctly made in the 
desired depth from a small routing counter, and it is loaded with them with it, respectively. 
[0018] 

[ExampleJHereafter, the example of this invention is described, referring to a figure. The partial 
expanded sectional view of the insulated-gate controlled semiconductor device according [ 
drawing 1 ] to this invention, the sectional view in which drawing 2 expands distribution of the 
equipotential surface at the time of the OFF, and distribution of the current channel at the time of 
one, and shows the important section of drawing L The diagram in which drawing 3 shows the 
resisting pressure characteristic, the diagram in which drawing 4 shows the ON-state-voltage 
characteristic, and drawing 5 are the important section expanded sectional views of the wafer in 
which the manufacturing method of this invention corresponding to the insulated-gate controlled 
semiconductor device of draw ing 1 is shown in the state for every main processes. Although a 
well shall be provided with a deep diffusion portion and a shallow diffusion portion in these 
examples, providing only one side of these in a well can also carry out this invention. Although 
an insulated-gate controlled semiconductor device is used as a field effect transistor, this 
invention is apphcable also to semiconductor devices, such as a thyristor which are provided 
with an insulated gate bipolar transistor or the insulated gate, and has similar structure. 
[0019]Since the same numerals whose insulated-gate controlled semiconductor device of this 
invention is the same point as the conventional example of drawing 6 are given to drawing 1 and 
it is shown in it, below, a mainly different point is explained. The point that the well 20 of p form 
which differing from structure conventionally made from the surface of the semiconductor 



region 12 of n form of the semiconductor base substance 10 equips the edge part with the deep 
diffusion portion 21, It is a point provided with the shallow diffusion portion 22 near the 
insulated gate 40 embedded in the slot 30 of the inside, Form the contact layer 23 of p form the 
source layer 50 of type, and for the n wells 20 which touches the slot 30, and via the electrode 
layer 61 from the well 20 and the source layer 50. All the points that draw the main terminal D of 
another side which the main terminal S is drawn and is a drain terminal via the rear-face side of 
the semiconductor base substance 10 to the electrode layer 62 while it is a source terminal, and 
derive the control terminal G from the insulated gate 40 are the same as the conventional 
example of drawing 6 . The point that the field plate 63 placed by the well 20 and same electric 
potential on the field oxide 13 is allocated is also the same. 

[0020]Next, the effect which the deep diffusion portion 21 of the well 20 which is the feature of 
this invention, and the shallow diffusion portion 22 have is explained with reference to drawing 2 
corresponding to conventional drawing 7 . Drawing 2 (a) Equipotential surface EP shows signs 
that a depletion layer spreads in the semiconductor region 12 in the state of OFF, Drawing 7 (a) 
On the whole, a figure turns caudad by the deep diffusion portion 21 of the edge part of the well 
20 by inside within the limits which is that left-hand side by a diagram, equipotential surface EP 
is depressed so that it may tum out that it compares, and a depletion layer spreads easily in the 
semiconductor region [ directly under ] 12 of the slot 30 which was the conventional weak point 
part for this reason. When the impurity concentration of the semiconductor region 12 is 10 ^"^-10 
atom / cm^ Although avalanche destruction occurs in the field intensity of 2.5 - 4x10 ^V/cm, In 
this invention, this field intensity [ directly under ] of the slot 30 can be eased by the deep 
diffusion portion 21, and pressure-proofing can be raised. Even when the slot 30 is formed near 
the shallow diffusion portion 22 like this example, the breadth of the depletion layer in the 
semiconductor region 12 seldom receives that influence. 

[0021] Drawing 2 (b) This example that flowed into the semiconductor region 12 from the 
channel Ch of the side of the slot 30 in the state of one shows channel CP of electron current. It 
is drawing 7 (b) about this. Into the hollow of the bottom of the well 20 corresponding to the 
diffusion portion 22 with the shallow depletion region DZ generated by the above-mentioned J- 
FET effect since the slot 30 is formed near the shallow diffusion portion 22 so that it may tum 
out that it compares, as shown in a figure, it is settled mostly. Therefore, spreading angle theta of 
current channel CP in the semiconductor region 12 is expanded conventionally. Thereby, in this 
invention, the current density in channel CP can be reduced, the voltage drop can be decreased, 
and the ON state voltage of an insulated-gate controlled semiconductor device can be decreased. 
As easily shown in a figure, even when the deep diffusion portion 21 is formed, distribution of 
current channel CP at the time of this one hardly receives that influence. 
[0022] Subsequently, the result of the experiment of an insulated-gate controlled semiconductor 
device with the structure shown in drawing 1 w ith reference to draw ing 3 and drawing 4 
respectively relevant to pressure-proofing and ON state voltage is introduced. Drawing 3 shows 
the characteristic which the resisting pressure BV or the avalanche break down voltage of a 
vertical axis to depth d of the slot 30 on the horizontal axis has, and is a case where the 
characteristic A is this invention, and the characteristic B is a case of the conventional structure 
of drawins: 6 as the comparative example. By this experiment, it is the diffusing depth of the well 
20 at structure conventionally corresponding to the characteristic B. As opposed to having been 
referred to as 4.5 micrometers. Diffusing depth of the diffusion portion 21 deep [ in the well 20 ] 
with the structure shown in drawing 1 of this invention corresponding to the characteristic A 2 
micrometers and the slot 30 of those dig deep the diffusing depth of 4.5 micrometers and the 



shallow diffiision portion 22, and it is the diffusing depth of a portion. It could be 2.5 
micrometers, respectively. Thickness is [ the specific resistance of the semiconductor region 12 ] 
42-ohmcm in 50 micrometers. 

[0023]Conventionally, in the characteristic B of structure, while it is smaller than the diffusing 
depth dl of the well 20, the resisting pressure BV has depth d of the slot 30 as constant as 700V, 
but if it exceeds even when depth d of the slot 30 is very slight in the depth dl of the well 20, the 
resisting pressure BV will fall to less than 550V quickly. This is conventionally considered for 
an electric field to concentrate on the semiconductor region [ directly under ] 12 of the slot 30 
with structure. On the other hand, if depth d of the slot 30 exceeds the depth d2 of the well 20 of 
the portion in the characteristic A in the case of this invention, the resisting pressure BV will fall 
from the 700V till then, but the degree of a fall becomes less than before all the time. Those with 
about 65 Ov are obtained for depth d, and, as for the resisting pressure BV, at least 6 micrometers 
of pressure-proofing of an about [ 600V ] are obtained for depth d at 4 micrometers. This is 
considered because a depletion layer spreads easily in the semiconductor region [ directly under ] 
12 of the slot 30 by the deep diffusion portion 21 of the edge part of the well 20 and field 
intensity is eased. 

[0024] Drawing 4 shows the dependence characteristic to array-pitch p of the slot 30 or the 
insulated gate 40 shown on the horizontal axis of ON state voltage FV of the vertical axis at the 
time of making the well 20 into the same structure as dra wing 3 . The case where the 
characteristic B was structure conventionally like a front, it was a case of the structure of 
drawing 1 bv this invention, and the characteristics Al and A2 set the depth of the slot 30 to 6 
micrometers with structure conventionally, and set the depth of the slot 30 to 3 micrometers by 4 
micrometers and the characteristic A2 with the characteristic Al with this invention structure. If 
array-pitch p of the slot 30 is narrowed to fixed current rating, generally ON state voltage FV 
will be reduced like a graphic display, but conventionally, in the characteristic B of structure, if 
array-pitch p is further narrowed from 15-20 micrometers, ON state voltage FV will rise 
conversely. This is drawing 7 (b), when array-pitch p is narrowed too much. It thinks because the 
influence of the depletion region DZ becomes strong and spreading angle theta of current 
channel CP becomes small. On the other hand, the characteristic Al in the case of this invention 
and A2 have ON state voltage FV lower than before, and the opposite effect by reduction of 
array-pitch p hardly shows up, either. This is drawing 2 (b). It thinks for the shallow diffusion 
portion 22 to shut up the depletion region DZ. In the direction of the characteristic A2 when the 
slot 30 is shallow, ON state voltage FV becomes low a little, and this is considered because the J- 
FET effect of the above-mentioned [ the one where the projection depth from the bottom of the 
well 20 of the slot 30 is smaller ] becomes minor. 

[0025]The depth in which the slot 30 projects from the bottom of the well 20 in the insulated- 
gate controlled semiconductor device of this invention is more desirable than about 3 
micrometers or less so that the characteristic of drawing 3 explained above and drawing 4 may 
also show. It is advantageous to the improvement in the resisting pressure BV, and reduction of 
ON state voltage FV to be referred to as 0.5-2 micrometers. Shallow diffusion portion 22 with 
the diffusion portion 21 deep not less than 50% deeper than the depth of a portion in which the 
slot 30 of the well 20 digs deep It is advantageous to be spread, respectively so that 0.5 
micrometers or more may become it is desirable and shallow 1 micrometers or more shallowly. 
[0026]With reference to drawing 5 . the manufacturing method of the insulated-gate controlled 
semiconductor device of this invention corresponding to the structure of drawing 1 is explained 
to the last. Although a figure is a sectional view of the part corresponding to drawing 1 , the 



semiconductor region 12 of n form is shown as the semiconductor base substance 10 thru/or a 
wafer. That whose specific resistance thickness is a 40-ohmcm grade in 50 micrometers is used 
for this semiconductor region 12 thru/or epitaxial layer. The first drawing 5 (a) It is a diffusion 
process of the deep diffiision portion 21 for the wells 20. The field oxide 13 on the right-hand 
side of a figure is a range from which the portion of the left-hand side which was formed of 
photo etching and surrounded by this from the oxide film of about 1 micrometer of thickness 
which oxidized the semiconductor region 12 thermally makes the well 20. Drawing 5 (a) After 
carrying out the ion implantation of the boron to the edge part of this range as p type impurities 
at a process with the accelerating voltage of for example, 50keV, and the dose about a 4x10 
atom / cm^, by the thermal diffusion of 2 to 3 hours under an about 1 150 elevated 
temperature, a well ~ the deep diffusion portion 21 of is made in the predetermined depth. On 
the occasion of this thermal diffusion, the surface of the semiconductor region 12 is covered with 
the oxide film 14 of 0.15 - 0.3 mum. 

[0027]following drawing 5 (b) a well ~ it being an introductory process of the shallow impurity 
22a of p form for diffusion partial 22 of and, An ion implantation is carried out with the low 
dose which is a little less than a 4x10 atom / cm^ grade thru/or it through the oxide film 14 to 
the other whole surface of the semiconductor region 12 under the accelerating voltage of 35 
corresponding boron to the thickness - 45keV by using the field oxide 13 as a mask. Continuing 
drawing 5 (c) Although it is the introductory process of the p type impurities 20a for portions of 
forming the slot 30 on the well, before that, the low-temperature-oxidation film 15 is formed to 1 
micrometer of thickness with a CVD method etc., and the opening of the window is carried out 
by photo etching. Deviation appears in the depth of the deep diffusion portion 21, and this low- 
temperature -oxidation film 15 twists, and is needed. Membranes are formed at the low 
temperature of 400 - 450 The ion implantation of the boron as the impurity 20a is carried out 
by using the low-temperature-oxidation film 15 as a mask with the dose of the 2x10 ' atom / cm^ 
under the accelerating voltage of 80 keV. 

[0028] Drawing 5 (d) It is a thermal diffusion process which makes the well 20, for example, is 
considered as the well 20 which carries out simultaneous thermal diffusion of the above- 
mentioned introductory impurities 22a and 20a by heat treatment of 1 to 2 hours under a 1 150 
elevated temperature, and is provided with the deep diffusion portion 21 and the shallow 
diffusion portion 22. The deep diffusion portion 21 of the depth of each part of the well 20 is by 
this. In 4.5 micrometers and the shallow diffusion portion 22, 2 micrometers and other portions. 
It is set to 2.5 micrometers. As mentioned above, after making the deep diffusion portion 21 
from this invention method first, by introducing and carrying out simultaneous thermal diffusion 
of the impurity in 2 steps, the depth of each portion of the well 20 is correctly controllable by it 
with a small routing counter. 

[0029] Draw ing 5 (e) The slot 30 digs deep and it is a process, drawing 1 (c) the dry etching 
method which uses the formed low-temperature-oxidation film 15 as a mask ~ by the reactive- 
ion-etching method desirably, as [ arrive at / penetrate the well 20 and / in the slot 30 of the 

shape of a trench of l-2micro width, / the semiconductor region 12 of the bottom ] ~ for 
example, after digging deep in depth of 3-4 micrometers, the low-temperature-oxidation film 15 
is removed using etching reagents, such as a fluoric acid system, and it changes into the state of a 
figure where it left only the field oxide 13. Following drawing 5 (f) After being a disposing 
process of the insulated gate 40 and attaching the very thin gate oxide 41 by complete oxidation 
first, It changes into the state of a graphic display where the insulated gate 40 was embedded in 
the slot 30, by growing up the polycrystalline silicon for gate 42 into the whole surface with a 



CVD method, as a dashed dotted line shows by a diagram, and performing photo etching. The 
actual superficial pattem of the slot 30 and the insulated gate 40 is good to consider it as the 
shape of a ctenidium connected mutually in parts other than the section of a graphic display. 
[0030] Drawmg 5 (g) Although it is a diffusion process of the source layer 50, as [ touch / for 
them / since the contact layer 23 of p form is formed in the well 20 / in this example, / in boron / 
the slot 30 ] — and to it, after carrying out the ion implantation of the arsenic with high impurity 
concentration to the n source layers 50 of type, respectively so that the slot 30 may be touched, 
The source layer 50 of shallow n form and the contact layer 23 of n form deeper than it are made 
by simultaneous thermal diffusion. The last drawing 5 (h) Are a disposing process of an 
electrode layer, and with the electrode layer 61 of usual aluminum, short-circuit the surface of 
the contact layer 23 and the source layer 50, and it is considered as one main terminal S of 
drawing L And the field plate 63 connected with the well 20 from the film of the same 
aluminum is formed on the field oxide 13. The control terminal G of the insulated gate 40 of 
drawing 1 is drawn from the connecting part of the ctenidium-like pattem, and the terminal D of 
another side is drawn from the rear- face side of the semiconductor base substance 10. 
[003 IJEach portion of the well 20 which has unevenness in the bottom with the above 
manufacturing method can be made from exact diffusing depth, and an insulated-gate controlled 
semiconductor device can be stably given with the sufficient reproducibility of pressure-proofing 
of 600V, and the ON state voltage can also be reduced. The array pitch of the slot 30 to about 10 
micrometers or by reducing to less than it and carrying out minuteness making of the pattem, By 
a field effect transistor, a high frequency characteristic is improved conventionally, with an 
insulated gate bipolar transistor, hundreds of insulated gates 40 can be arranged to the chip area 
of several millimeter angle, and the current capacity of the number lOA can be given. The 
insulated-gate controlled semiconductor device of this invention can give and carry out high- 
speed operation of a number - the control voltage of 15V to a control terminal. 
[0032] Although the deep diffusion portion 21 of the well 20 was formed in the edge part in the 
example described above, the deep diffusion portion 21 can be formed also inside the well 20 if 
needed, and the resisting pressure Kougami's effect can be heightened further. In this case, it 
becomes the structure which put the slot 30 and the insulated gate 40 in the deep diffusion 
portion 21, and an insulated-gate controlled semiconductor device serves as this structure that 
composite-ized unit structures so to speak. An area required to make the diffusion portion 21 
deep to the inside of the well 20 may be comparable as the above-mentioned array-pitch p of the 
slot 30 so that an example may show. Thus, without being limited to an example, this invention 
is unnecessary and can be carried out in various modes according to a case. 
[0033] 

[Effect of the Invention]As explained above in the insulated-gate controlled semiconductor 
device of this invention. A well so that a diffusion portion deeper than an inner part may be 
formed in an edge part from the surface of a semiconductor region. Or the following effect can 
be mentioned by being spread so that a shallow diffusion portion may be formed in part, digging 
deep so that the semiconductor region of the bottom may be arrived at in a slot from the surface 
of a well, embedding the insulated gate into it, and having composition diffused so that a slot 
may be touched in a source layer from the surface of a well. 

[0034](a) By forming a deep diffusion portion in the edge part of a well, digging a slot deep to an 
inner part shallower than it, and embedding the insulated gate at it. At the time of OFF, in the 
semiconductor region under a slot, it can be made easy to spread in a depletion layer, the field 
intensity [ directly under ] of a slot can be eased, and pressure-proofing of an insulated-gate 



controlled semiconductor device can be raised. 

(b) By allocating the insulated gate which formed the shallow diffusion portion in the well and 
was embedded near the in the slot, Confine in the hollow of the bottom of the well corresponding 
to a shallow diffusion portion the depletion region generated near the point current flows into a 
semiconductor region from the channel of the side of a slot at the time of one, and the angle of 
divergence of the current channel in a semiconductor region is made to increase, The current 
density in a channel is decreased and the ON state voltage of an insulated-gate controlled 
semiconductor device can be reduced. 

[0035](c) Since the pressure-proof improved effect which the above deep diffusion portions 

have, and the reduction effect of the ON state voltage which a shallow diffusion portion has 
interfere mutually or are not mutually reduced as the example explained. By forming the both 
sides of a deep diffusion portion and a shallow diffusion portion in a well, improvement in 
pressure-proofing of an insulated-gate controlled semiconductor device and reduction of ON 
state voltage can be attained simultaneously. 

[0036](d) Since ON state voltage can also be reduced, minute pattem-ization of an insulated-gate 
controlled semiconductor device can be advanced further, and it can improve the high frequency 
characteristic, and it not only makes current capacity increase by reducing the pitch which 
arranges a slot or the insulated gate, but can raise the current characteristic at the time of one. 
In the manufacturing method of the insulated-gate controlled semiconductor device by this 
invention. After diffusing first a diffusion portion deep to the edge part of the range which 
should make a well in a prescribed depth, the shallow impurity for diffusion portions on the 
surface of this range with a low dose. By carrying out simultaneous thermal diffusion of them, 
after carrying out the ion implantation of the impurity with a predetermined dose to a part of 
surface inside an edge part, respectively. It is a small routing counter about a well provided with 
a deep diffusion portion, a shallow diffusion portion, and the portion for the insulated gates, and 
it can make, managing the depth of these each portion correctly to a desired value, respectively. 
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